This study examined the effect of lingnistie experience on perception of the English/s/-/z/ contrast in word-final position. The durations of the periodic ("vowel") and aperiodic ("frieative") portions of stimuli, ranging from peas to peace, were varied in a 5 X 5 faetorial design. Forced-choice identification judgments were elicited from two groups of native speakers of American English differing in dialect, and from two groups each of native speakers of French, Swedish, and Finnish differing in English-language experience. The results suggested that the non-native subjects used cues established for the perception of phonetic contrasts in their native language to identify fricatives as/s/or/z/. Lengthening vowel duration increased/z/judgments in all eight subject groups, although the effect was smaller for native speakers of French than for native speakers of the other languages. Shortening frieative duration, on the other hand, significantly decreased/z/judgments only by..the English and French subjects. It did not influence voicing judgments by the Swedish and Finnish subjects, even those who had lived for a year or more in an English-speaking environment. These findings raise the question of whether adults who learn a foreign langnage can acquire the ability to integrate multiple acoustic cues to a phonetic contrast which does not exist in their native language.
INTRODUCTION
An adult's perception of speech is shaped to some extent by the system of phonereit oppositions found in his or her native langnagc (L 1), and by the way phonemes are phonetically realized in L1. One consequence of perceptual "tuning" to the acoustic properties of L 1 phones is that subjects differing in L 1 background may label the same phone differently (e.g., Williams, 1977) . Cross-language differences in speech perception which arise as the result of early exposure to the phones found in a specific variety of speech imply that individuals who learn a foreign language (L2) may perceive the phones of that language differently than L2 native speakers.
Several studies have shown that L2 learners differ from L2 native speakers in the perception of L2 phonetic contrasts which differ acoustically from a similar contrast in L1. For example, several studies have shown that the phoneme boundaries of individuals who learned English as an L2 occur at different values along a voice onset time (VOT) continuum than those of English native speakers (Caramazza et al., 1973; Williams, 1980) . Other studies have shown that both children and adults may be unable to identify and/or discriminate L2 phonetic contrasts which do not exist in L 1, or fail to do so on the basis of a•oustic parameters that are sufficient perceptual cues to the L2 contrasts for L2 native speakers (Bond and Adamescu, 1979 Flege, 1984b) found that adults could discriminate certain L2 phones in isolation but not in a CV context. This suggested that processing speech in a "phonetic" mode (as opposed to an "auditory" mode; see, e.g., Repp, 1981 ) may invoke patterns of perceptual processing that have been shaped by linguistic experience. Processing L2 speech in a phonetic mode may induce the listener to use only cues that have proven efficacious in L1. This may make it difficult for L2 learners to discriminate or identify L2 phones not distinguished by acoustic dimensions that serve as perceptual cues to a phonetic contrast in L1 (Weinreich, 1953) . Thus the goal of this study was to further probe the extent to which adults who have learned an L2 become sensitive to acousti c dimensions that do not distinguish phonetic contrasts in their native language.
Several studies have shown that adults can learn to identify and discriminate L2 phones on the basis of acoustic dimensions that do not distinguish L1 phones, either as the result of short-term training or naturalistic L2 learning ( Despite such evidence, it is not certain that adults can learn to perceive all of the phonetic contrasts found in an L2, or that L2 learners who appear able to perceive an L2 phonetic contrast use the same perceptual cues or the same processing mode as L2 native speakers (see Redmond, 1977 ).
The L2 learners may develop sensitivity to some acoustic parameters before others and, as a result, learn to perceive certain L2 phonetic contrasts more rapidly than others. For example, Werker and Tees (1984a,b) found that laboratory training enabled English-speaking subjects to discriminate one Hindi phonetic contrast (the distinction between voiceless aspirated and breathy voiced stops) but not another (the distinction between dental and retroflex stops). It is unclear. whether this difference had an auditory basis or resulted from a difference in the relative acoustic similarity of the Hindi phones being tested and phones in English.
Another recent study provided preliminary evidence that non-native speakers differ from native speakers of EngHah in responding to temporal cues to the English/s/-/z/ contrast. Arabic/s/-/z/are distinguished by voicing (i.e., glottal pulsing) in word-final position., but not by the duration of fricative noise or by the duration of the preceding vowel (Mitleb, 1982) . In English, on the other hand, the periodic portion ("vowel," for short) of a word like peas (/piz/) is longer than that of peace (/pis/), whereas the aperiodic noise ("fricative" for short) associated with/s/is longer than that associated with/z/ (Denes, 1955; Peterson and Lehiste, 1960; Raphael, 1971; Haggard, 1978) . Lengthening the vowel and shortening the fricative noise in CVC stimuli increases/z/judgments by native English speaker (Denes, 1955; Raphael, 1971; Oruenenfelder, 1979; Derr and Massaro, 1980; Soli, 1982) . Flege (1984a) constructed three five-member continua ranging from peace to peas in which vowel duration was lengthened, fricative duration was shortened, or vowel and fricative duration varied together. Experienced and relatively inexperienced native Arabic speakers of English resembled native English subjects in identifying members of the continuum in which both vowel and fricative durations were manipulated. The experienced native Arabic speakers of English closely resembled native English speakers in showing an increase in/z/judgments when either vowel duration was lengthened or fricarive duration was shortened. However, the inexperienced native Arabic subjects did not show an increase .in /z/ judgments when fricative duration alone was shortened.
The greater sensitivity of the experienced than inexperienced Arab subjects to changes in fricative duration probably resulted from their exposure to English rather than auditory processing differences, for listeners are sensitive to variations in fricative duration that do not signal categorical distinctions (Karno and Porter, 1980; cf. Lehiste and Shockey, 1980) . However, it was not certain that even the experienced Arabs made the same phonetic use of temporal cues as the native English subjects. They might have simply labeled stimuli on the basis of perceived auditory changes in either vowel or fricative duration since these dimensions were varied separately in two of the continua. If non-native subjects process temporal cues to the English/s/-/z/contrast in a truly English-like manner, both vowel and fricative duration should affect their voicing judgments simultaneously, as they do for native speakers of English. • Since vowel and fricative duration were not varied factorally by Flege (1984a) , the aim of the present study was to determine whether adults who learn English as an L2 establish the ability to integrate (i.e,, use simultaneously) both temporal cues to the English/s/-/z/contrast. To do so, we 
A. Subjects
A total of eight groups were .established. The subjects, who participated without being paid for their services, were chosen on the basis of language background, lack of evident speech or hearing disorder, and availability. A profile of subjects who had learned English as an L2 is presented in Table  I . No attempt was made to ensure dialectal homogeneity among the non-native subjects, nor to evaluate their competence in English. It should be noted, however, that all of them were sufficiently competent in English to understand the experimental instructions, which were given in The members of the three "inexperienced" non-native groups consisted of individuals who had never lived outside their native land. Their English-language experience was essentially restricted to English classes, movies, books, and music. Subjects in the three non-native groups designated "experienced" consisted of individuals who had lived in an To balance the design, we also examined two groups of monolingual native speakers of English. The data now available show no difference in the production and perception of temporal correlates of the/s/-/z/distinction between native speakers of American and British English (the variety of English learned by most French, Swedish, and Finnish students). However, the first author has observed that native English speakers from Alabama seem to devoice final/z/ more frequently than speakers from Chicago, suggesting the possibility that they may produce (and therefore perceive) temporal differences between-/s/-/z/differently. A secondary aim of this study was therefo re to determine whether speakers of these two dialects of American English make the same use of vowel and fricative duration as perceptual cues to the/s/-/z/distinction. Speech-Language Pathology students at Montevalle College near Birmingham. The members of both groups were predominantly females in their early twenties who indicated that they were unable to speak any language other than English.
B. Stimuli
A 25-member stimulus set ranging from peace to peas was synthesized using the Klatt synthesizer ( The 25 stimuli were normalized for overall rms amplitude, converted to analog form with 12-bit amplitude resol ution at a 10-kHz sampling rate, and low-pass filtered at 4.9 kHz. The fricative noise was not highly natural sounding because of the limited bandwidth, although the continuum endpoints were readily identifiable as peace or peas in the authors' estimation. The stimuli were recorded on a professional-quality cassette tape recorder (Sony, model TCD5M) for later presentation. The interstimulus interval was set at 2 s, with a 5-s pause between different random orderings of the 25 stimuli.
C. Procedures
Each subject was tested individually in a quiet room. The stimuli were presented binaurally over headphones (TDH-49) at a comfortable listening level of 80 dB SPL(A). The subjects' task was to identify the voicing feature of the final fricatives by circling "peas" or "peace." on an answer sheet. They were told to guess in case of uncertainty. All of the subjects were given a pretest consisting of ten randomized presentations each of a single token of peace and peas produced by a native speaker of American English. No subject required more than two attempts to correctly identify the voicing feature of the final fricative 19 out of 20 times. The experimenter closely monitored subjects during the experiment to ensure that they responded to each stimulus as it was presented. The mean values of these intervals for words ending in /s/ and /z/ were calculated for each subject and submitted to an ANOVA in which language was the grouping variable and voicing was a repeated measure. A mean value for each of these intervals was also calculated for each word (four talkers X two replicate productions). These means were submitted to a language X voicing ANOVA.
D. Analysis

II. RESULTS
A. Identification data
The mean percentages of/z/(i.e., "peas")judgments are summarized in Table II A final possible explanation is that the Swedish and Finnish subjects had not had sufficient exposure to English to induce sensitivity to fricative duration as an acoustic cue to the/s/-/z/contrast in English words. Werker and Tees (1984a,b) found that the overall amount of naturalistic L2 experience may crucially affect the ability of L2 learners to perceive non-native phonetic contrasts (see also MacKain et al., 1981). In their study, native English speakers with 5 years' Hindi experience, but not those with only a year's experience, were able to discriminate a Hindi phonetic contrast not exploited in English. Even the experienced nonnative subjects in the present study had lived a much shorter time in an English-speaking environment (about 2 years, on average} than the experienced Arab subjects in Flege's (1984a) study (about 6 years). Further, the Swedish and Finnish-subjects were tested in their native country, and most had not lived in an English-speaking country for at least several years prior to the study. Perhaps the experienced Swedish and Finnish subjects examined here did develop sensitivity to fricative duration, but later lost the ability to use fricative duration as a voicing cue once they were no longer regularly exposed to the English/s/-/z/contrast. There were two significant between-group differences pertaining to the effect of vowel duration. The French subjects, whose native language possesses a phonemic contrast between/s/and/z/, showed a significantly smaller increase in/z/judgments as vowel duration was lengthened than the English subjects (as well as the Swedish and Finnish subjects). This may have occurred because the French/s/-/z/ contrast differs from the analogous contrast in English: Previous reports indicated that/s/and/z/are distinguished in the final position of French words by means of vowel and fricative duration (Kohler, 1979 (Kohler, ,1984 Kohler etal., 1981;  O'Shaughnessy, 1981). This was confirmed by the production data reported here for French and English monolinguals. Our production data also suggested that French talkers may produce a larger temporal contrast in fricative noise and closure voicing between/s/-/z/than native English speakers, but a smaller contrast in preceding vowel duration (cf. Chen, 1970; Mack, 1982) . These preliminary production results, which need to be replicated in a larger production study with more monolingual talkers, suggest the possibility that French listeners focus attention more on acoustic cues found near the end of syllables ending in/s/ and/z/ (i.e., the duration of voicing and fricative noise) than English listeners, whereas English listeners focus more on vowel duration than French listeners (see Flege and Hillenbrand, 1985) .
Even though they do not have an/s/-/z/contrast in their native language, the Swedish and Finnish subjects showed as large an effect of vowel duration as the English subjects. It is possible that they "reinterpreted" (Weinreich, 1953; Flcgc, 1985 ) the role of vowel duration, that is, processed vowel duration as if it were a cue to a phonemic length distinction in their native language. The experienced Finnish subjects showed a significantly smaller effect of vowel duration than the inexperienced Finns. We speculate that this occurred as a result of their exposure to phonetic contrasts found in English. The results of L2 speech production studies (see Flege, 1985 , for a review) suggest that native speakers of quantity languages reinterpret the distinction between tense and lax English vowels (e.g.,/i/-/I/) as a phonemic length contrast. Games (1977) found that Icelandic subjeers who had lived in the U.S. made less consistent use of vowel duration as a cue to the contrast between phonemically short and long Icelandic vowels than those who had not lived outside Iceland (see also Gottfried and Bedder, 1984) . One question raised by this study is why the native Swedish and Finnish subjects used vowel duration rather than fricat{ve duration in identifying stimuli, despite the fact that both stimulus dimensions were varied in five 50-ms steps, and despite the fact that phonemic categories are distinguished on the basis of both vowel and fricative duration in their native languages. Debriefing after the experiment suggested that the Swedish and Finnish subjects were more aware of changes in vowel than fricative duration. Most of these subjects reported hearing changes in vowel duration, but few of them reported hearing the changes in fricative duration.
If the experienced
The greater effect of vowel than fricative duration is consistent with the results of several previous studies which have suggested that listeners are more sensitive to changes in vowel than fricative duration (Soli, 1982; Carlson and Granstr/Jm, 1975; $ohansson, 1975; Games, 1977) . It is also possible that the subjects focused more attention on vowel than fricative duration changes because the vowel portion preceded the fricative portion in CVC stimuli used in the present study. It may be difficult, in general, for L2 learners to focus attentio n on multiple correlates ofan ullfamiliar L2 phonetic contrast, especially if one is more salient than the other(s). Focusing attention on one stimulus dimension probably simplifies an otherwise difficult classification task.
We are left with the intriguing general question of whether L2 learners can learn to integrate multiple acoustic cues to a phonetic contrast which exists in L2 but not LI. The present study does not, of course, demonstrate that L2 learners are incapable of doing so. For example, our subjects might have more closely resembled the native English subjects had natural speech or more natural-sounding synthetic stimuli been used (see Miyawaki et al., 1975 Others have hypothesized that listeners possess an innate ability to relate the multiple acoustic cues associated with a phonetic distinction. Mann (1984) examined the labeling of a/da/-/ga/continuum by two groups of native Japanese subjects who were either able or unable to correctly identify Eno•!i.•h/r/and/1/. Both Japanese groups resembled native English speakers in giving more/ga/responses when stimuli were preceded by/1/than/r/. Since previous research had shown that this context effect occurs in a phonetic but not auditory mode of perception, Mann concluded that the Japanese subjects had tacit knowledge of the acoustic consequences of producing/r/and/1/, even though some of them could not identify/r/and/1/.
The present results suggest either that listeners do not integrate multiple acoustic cues to phonetic category distinctions through an innate knowledge of vocal tract properties, or that such an ability does not extend to the temporal (as opposed to the spectral) domain. It seems to us that temporal correlates of the English/s/-/z/contrast must be largely, if not entirely, learned. Although both vowel duration and frieative duration fluctuate over wide ranges in running speech, native speakers are likely to manifest perceptual knowledge of optimal (or "prototypical"} temporal values (see, e.g., Oden and Massaro, 1978; E!sendoorn, 1984). It is possible that the ability to perceptually integrate multiple temporal cues (see Repp, 1982) depends on exposure at an early age to phonetic categories distinguished by those multiple cues (see Flege, 1985 , for a review}.
In summary, the present results in combination with previous related studies suggest that the perception of phonetic contrasts which exist in a foreign language but not the native language, may develop slowly, at least for adult learners. The extent to which the perception of speech evolves is likely to be influenced by many factors including age, the amount and kind of L2 experience, the nature and extent of phonological differences between L1 and L2, and especially the acoustic nature of the phonetic contrast being learned. Further research is clearly needed to address the specific and general questions raised by this study regarding the development of simultaneous use of multiple acoustic cues in the perception of L2 phonetic contrasts. The perception of native Swedish and Finnish subjects with somewhat more prolonged---and recent--exposure to English than subjects tested in the present study, as well as individuals chosen on the basis of English pronunciation proficiency, should be examined. Data from these populations may help to resolve the question of whether adults can establish temporal trading relations in the perception of L2 phonetic contrasts. evidence suggesting that native English-speaking listeners assess consonant closure and preceding vowel duration independently. In this view, the perception of voicing is based on the perceived duration of the two intervals (along with other cues) after they have been weighted against central- The same statistical analysis was performed after the data had been transformed using an arcsine transformation. Only the analysis based on untransformed data is presented here since both analyses yielded the same 6The results presented in Fig. 1 and Table II do not include the responses of 12 non-native subjects who reversed the category labels used by 76 other non-native subjects and by all 28 native English subjects. Five native speakers of French (one experienced, four inexperienced), six native speakers of Finnish (three experienced, three inexperienced), and one native Swede (an experienced subject ) were excluded. The fact that 12 of the non-native subjects identified stimuli with long vowels as "peace" (/s/) and stimuli with relatively short vowels as "peas" (/z/) is surprising since they correctly identified naturally produced tokens of peas and peace in the pre-test. The identification responses of the excluded Finnish and French subjects were analyzed in separate ANOVAs. Except for the category reversal, their responses closely resembled those of the Finnish and Swedish subjects who were included.
